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Abstract 

A phytochemical investigation on the ethyl acetate soluble fraction Lonicera quinquelocularis (whole plant) led to the first 
time isolation of one new phthalate; bis(7-acetoxy-2-ethyl-5-metliylheptyl) plithalate (3) and two new benzoates; neopentyl-4- 
ethoxy-3, 5-bis (3-methyl-2-butenyl benzoate (4) and neopentyl-4-hydroxy-3, 5-bis (3-methyl-2-butenyl benzoate (5) along with 
two known compounds bis (2-ethylhexyl plithalate (1) and dioctyl phthalate (2). Their structures were established on the 
basis of spectroscopic analysis and by comparison with available data in the literature. All the compounds (1-5) were tested 
for their acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) inhibitory activities in dose dependent manner. The 
IC50 (50% inhibitory effect) values of compounds 3 and 5 against AChE were 1.65 and 3.43 |xM while the values obtained 
against BChE were 5.98 and 9.84 ^iM respectively. Compounds 2 and 4 showed weak inhibition profile. 
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Introduction 

The genus Lonicera belongs to the family Caprifoliaceae which 
consists of 12 genera and 450 species mainly present in the 
temperate region of Northern Hemisphere [1]. In Pakistan, the 
genus Lonicera has 4 genera and 27 species [2]. Various species of 
this genus have been used for the treatment of acute fever, 
headache, respiratory infections [3], antibacterial [4], antioxidant 
[5,6], cytoprotective [7], hepatoprotective [8,9], antiviral [10], 
antitumor [11,12] and anti-inflamatory activities [13]. Previous 
studies on this genus reported the isolation of a variety of 
constituents including iridoids, bisiridoids, sulfur containing 
monoterpenoids, alkaloidal glycosides, triterpenoids, saponins, 
coumarin glycosides and flavone glycosides [14—17]. Lonicera 
quinquelocularis is a member of this genus which is widely distributed 
in dry sunny places of Asia with altitudes of 750-3000 meters. In 
Pakistan, it is present in Baluchistan, Kurram, Chitral, Swat, 
Astor, Hazara, Murree hUls, Poonch and Kashmir [18]. Previous 
phytochemical study on this plant reported the isolation of 
triterpenoid, benzoates, lonicerin, loganin, coumarin and iridoide 
glycosides [6,19]. It has been widely used as antipyretic and 
antioxidant and in the treatment of hypotension, sedation etc. 
[20,21]. The diverse medicinal importance of genus Lonicera has 
prompted us to investigate the phytochemical constituents of L. 
quinquelocularis. In this study the isolation and structural elucidation 
of two known compounds; bis (2-ethylhexyl phthalate (1), dioctyl 
phthalate (2) followed by three new compounds; bis(7-acetoxy'2-ethyl' 
5-methylheptyl phthalate (3), neopentyl-4-ethoxy-3 5-bis (3-methyl-2-butenyl 



benzoate (4) and neopent))l-4-hydroxy-3 , 5-bis (3-methyl-2-hutenyl benzoate 
(5) respectively are reported (Fig. 1). The compounds 3 and 5 
showed significant inhibitory activities against acetylcholinesterase 
(AChE) and butyrylcholinesterase (BChE) in a dose dependent 
manner. 

Results and Discussion 

In the present investigation, phytochemical study was per- 
formed on the ethyl acetate extract of whole plant of Lonicera 
quiquelocularis afforded compounds 1 (15 mg, 0.11%), 2 (10 mg, 
0.07%) and 3 (12 mg, 0.09%), 4 (21 mg, 0.16%) and 5 (19 mg, 
0.14%). The known compounds 1 and 2 were isolated as 
colourless oils and were identified as bis (2-ethylhexyl phthalate and 
dioctyl phthalate by using spectroscopic analysis (Fig. Sla-Sld and 
S2a-S2d in File SI) [22-24]. 

The compound 3 was obtained as colourless oil and the IR 
spectrum of this compound showed strong absorption bands at 
1725 cm ' (ester carbonyl), 1610 cm ' (aromatic) and 1130- 
1 200 cm" ' (ether C-O). The UV bands were observed at 232 and 
296 nm corresponding to the unsaturated carbonyl and aromatic 
ring respectively. The HR-EIMS (Fig. S3e in File SI) analysis 
showed molecular ion peak at m/z 562.7642 which was 
corresponded in establishing the formula C32H50OS (formula 
mass 562.3603) with diagnostic ions at m/z 444 [IVI-C4H6O4] , 387 
[M- C8H14O4] and 277 [M- C16H30O4]. The 'H-NMR 
spectrum (Fig. S3a in File SI) showed two signals for aryl protons 
which were attributed to H-3/H6 (5 7.73, 2H, dd, J= 5.8, 3.3 Hz) 
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Figure 1. Structures of compounds 1-5 from L quinquelocularis. 

doi:l 0.1 371 /journal.pone.0094952.g001 

and H-4/H-5 (5 7.55, 2H, dd, J=5.8, 3.3 Hz). The 1-6 
disubstituted aromatic ring was confirmed by A2B2 spin system 
of the aryl protons. A little downfield signals were found resonated 
at 5 4.15 (2H, dd, J = 11.8, 6.1 Hz) and 4.25 (2H, dd, J = 12.1, 
6.4 Hz) corresponding to oxomethylenic protons H-l'a and H-l'b 
of the ester moiety of phthalate. The downfield signals were 
observed at 5 4.09 (4H, t, J=6.4Hz) which were a clear 
characteristic of another oxomethylenic protons H-7'. A singlet at 
5 2.07 (6H, s, H-10') was assigned to methyl group attached to 
carbonyl function. The COSY (H-H) correlations (Fig. S3c in File 
SI) were seen to show pronounce vicinal correlation between H- 
la' and H-lb' which confirmed the branched nature of the 
phthalate. The triplet for H-7' showed that there was no such 
branching near to correlate with it. In addition the HMBC clearly 
correlated the H-1' to the ester moiety on one side and H-7' with 
the ester moiety on the other side. 

The ''^C NMR spectrum (Fig. S3b in FHe SI) of compound 3 
showed presence of 18 carbon atoms while their multiplicity was 
determined by DEPT experiment which indicated three methyl, 
six methylene, four methine and three quaternary carbons. The 
two carbonyl carbons resonated at 5 171.22 (C-1) and 167.75 (C- 
9') respectively. The aromatic carbons displayed signals at 5 



132.49 (C-2, C-7), 130.86 (C-4, C-5) and 128.0 (C-3) whUe the 
oxomethylenic carbons (C-1' and C-7') were observed at S 68.15 
and 64.35 respectively. The methine carbon chain (G-2' and C-5') 
showed signals at 5 38.76 and 34.67 respectively, while methylenic 
carbons resonated at 5 31.60, 28.94, 30.39 and 23.76 (C-3', 4', 6' 
and 11') respectively. The methyl carbon of acyl group appeared 
at 5 22.65. The two methyl carbons were observed at 6 10.95 and 
14.09 (Table 1) 

The HMBC correlations (Fig. 2 and S3d in File SI) were in 
conformation with the assigned structure of compound 3. The H- 
r protons showed correlation with C-1 (171.22) and '^J 
correlation with C-2' (38.76) and C-1 1' (23.76). H-7' was obser\'ed 
to have "'j correlation with C-9' (167.75) and correlation with 
C-6' (30.39). Similarly correlation was observed between H-10' 
and C-9' of carbonyl carbon. The carbons and protons ('H/'^'C) 
connectivity along with some important HMBC correlations of 
compound 3 are shown in Table 1 . On the basis of these evidences 
the structure of compound 3 was assigned as bis (7-acetoxy-2-ethyl-5- 
methylheptyl phthalate. 

The compound 4 was isolated as amorphous powder and its 
molecular formula was established as C24H35O3 by HR-EIMS 
analysis (Fig. S4c in File SI) corresponding to the molecular weight 
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Table 1. and ^^C NIVIR data and important HMBC 
correlations of compound 3 (CDCI3, 5 in ppm, J in Hz). 





H/C 


NMR 




'^C NMR 


HMBC 


1 


Q 




171.22 


- 


2 


Q 




132 49 






7.73 (dd; 5.8, 


3.3) 


128 80 


12 4 5 


4 (CH) 


7.56 (dd; 5.8, 


3.3) 


130.86 


2, 5, 6 




7.56 (dd; 5.8, 


3.3) 


130.86 


4, 6 7 


ft fCHl 


7.73 (dd; 5.8, 


3.3) 


128.80 


4, 5, 7, 8 


7 


Q 




1 32.49 




g 


Q 




171 22 






4.15 (dd; 11.8, 6.1, H-l'a), 
4.25 (dd; 12.1, 6.4, H-l'b) 


68.15 


2' 11' 


2' (CH) 


1.70 (m) 




38.76 


r, 3', 11' 


3' (CHJ 


1.29 (m) 




31.60 


2', 11' 


4' {CH2) 


1.35 (m) 




28.94 


2', 5', 13' 


5' (CH) 


1 .64 (m) 




34.67 


7', 13' 


6' (CHJ 


1.48 (m, H-6'b),1.32 (m, H-6'a) 


30.39 


5', 13' 


7' (CH^) 


8 4.09 (t; 6.4) 




64.35 


5', 9' 


9' 


Q 




167.75 




10'(CH3) 


8 2.07 (s) 




22.65 




ir (CH) 


1.45 (m) 




23.76 


9' 


12'(CH3) 


0.89 (t; 6.5) 




10.95 


r, 2', 3' 


13'(CH3) 


0.96 (d; 6.4) 




14.09 





doi:1 0.1 371 /journal.pone.0094952.t001 

372.3742 (calcd. 372.2156). The IR spectrum indicated tlie 
presence of ester (1705 cm '), aromatic (1600-780 cm ') and 
ether (1230 cm ') functionalities in the structure. The 'H-NMR 
spectrum (Fig. S4a in File SI) displayed signals for two equivalent 
aromatic protons at 5 7.39 (s, J= 1.8 Hz), resonated at same 
chemical shift value confirming the 1,3,4,5 substituted aromatic 
ring. The signals observed at 5 5.69 (2H, t, J=6.8 Hz, H-2'), 5 
3.27 (4H, d,J=6.8 Hz, H-1'), 5 1.83 (6H, s, H-4') and 5 1.74 (6H, 
s, H-5') suggested a side isoprene chain. The signal found at <5 4. 15 
(s, 2H) and 5 0.96 (s, 9H) was corresponded to the oxomethylene 
and methyl protons of neopentyl group of ester moiety. A quartet 
at 5 4.38 (2H, q, J=7.8 Hz) and a triplet at 5 1.36 (3H, t, 
J= 7.8 Hz) were assigned to ethoxy group attached to the 
aromatic ring. The ''C-NMR (Fig. S4b in File SI) along with 
DEPT spectrum showed presence of 15 signals corresponding to 
four aromatic carbon atoms resonated at 5 154.6 (C-4), 137.2 



(C-1), 129.3 (C-2, C-6), 124.8 (C-3, G-5) and two ethoxy carbons 
at 3 68.3 and 15.5 respectively. Five isoprene carbons displayed 
signals at 5 133.5 (C-3'), 121.5 (C-2'), 27.6 (C-1'), 24.7 (C-5') and 
19.4 (C-4') and three signals for neopentyl group of ester moiety 
were observed at 5 83.2 (C-3"), 29.4 (C-4") and 23.1 (C-5"). The 
ester carbonyl carbon was observed at 5 163.0. The assignments of 
the 'H and ''^C NMR data were supported by 2D experiments 
(Fig. 3) and by comparing the data with the known derivatives of 
related benzoates [25]. In HMBC spectrum of compound 4 (Fig. 
S4d in File SI), H-2 and H-6 {3 7.39) protons showed '%-c 
correlations with ester carbonyl carbon C-1" (3 168.2). Similarly 
'Jh-c correlations were found between H-2' {3 5.69) and C-5, C-3 
{3 124.8) and between H-1' (.5 3.27) and C-2, C-6 {3 129.3) 
confirming the positions of two isoprene side chains on the 
aromatic ring. The carbons and protons ('H/' ^C) connectivity 
along key HMBC correlations is provided in Table 2 which 
ultimately established the structure of compound 4 as neopentjl-4- 
ethoxy-3, 5-his (3-methyl-2-butenyl benzoate. 

The compound 5 was isolated as amorphous white solid and 
from its HR-EIMS analysis (Fig. S5c in File SI), a parent ion peak 
at m/ z 344.6403 (calcd. 344.2549) was observed which suggested 
that the molecular formula would be C22H32O3. The spectrum of 
IR was indicating the presence of hydroxyl (3390 cm~'), ester 
(1725 cm~ ) and aromatic (1600, 780 cm~ ) functional groups. 
The 'H and ''^C-NMR spectrum (Fig. S5a and S5b in File SI) of 
compound 5 showed same chemical shift values for almost all the 
protons and carbons in compound 4 except the signal of ethoxy 
group. Instead, a broad singlet was observed at 5 5.31 which were 
carefully assigned to the phenolic OH group at position 4 on the 
benzene ring. Furthermore, the positions of various groups were 
confirmed by the ^Jh-cj and ^Jh-c HMBC correlations (Fig. 4). 




Figure 3. Important HMBC correlations in 4 (H^C). 

doi:10.1371/journal.pone.0094952.g003 




Figure 2. HMBC (H-C) correlations in compound 3. 

doi:1 0.1 371 /journal.pone.0094952.g002 
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Table 2. and ^^C NMR data (CDCI3) and ^Hp^C correlations 
of compounds 4 and 5 (5 in ppm, J in Hz). 



Compound 4 Compound 5 



H/C 


NMR 


"C NMR 


NMR 


"C NMR 


HMBC 




1 


Q 


137. 2 


Q 


135.0 






2 (CH) 


7.39 

\u, 1.0; 


129.3 


7.48 (d; 1.6) 129.3 


C-4,C- 6, 


C-r, C-1" 


3 


Q 


124.8 


Q 


124.2 






4 


Q 


1 54.6 


Q 


152.5 






5 


Q 


1 24.8 


Q 


124.2 








7.39 
(d; 1.8) 


129.3 


7.48 (d; 1 .6) 1 29.3 


C-4, C-2, 


C-1', C-1" 


r {CH2) 


3.27 
(d; 6.8) 


27.6 


3.33 (d; 7.1) 27.3 


C-2, C-6, 


c-4, C-3' 


2' (CH) 


5.69 
(t; 6.8) 


121.5 


5.72 (t; 7.1) 


123.1 


C-3, C-5, 


C-4', C-5' 


3' 


Q 


133.5 


Q 


133.5 






4' (CH3) 


1.83 (s) 


19.4 


1.85 (s) 


19.1 


C-2' 




5' {CH3) 


1.78 (s) 


24.7 


1 .79 (s) 


25.4 


C-2' 




1" 


Q 


163.0 


Q 


165.4 






3" (CHJ 


4.15 (s) 


83.2 


4.19 (s) 


81.9 


C-1" 




4" 


Q 


29.4 


Q 


29.7 






5" (CH3) 


0.96 (s) 


23.1 


0.98 (s) 


21.8 


C-3" 




OCH2- 


4.38 
(q; 7.8) 


68.3 






C-4 





0~C~CH3 1.36 15.5 _ 

(t; 7.8) 

OH _ _ 5.31 (s) 

doi:1 0.1 371 /journal.pone.0094952.t002 

Through the analysis and comparison of the data with the similar 
known benzoate ester [26] the structure of compound 5 was 
assigned as neopent)il-4'hydroxy'3, 5-bis [3'methyl~2-butenyl] hmzoate. 

In a bioassay-guided search for acetylcholinesterase (AChE) and 
butyrylcholinesterase (BChE) inhibitors from medicinal plants, it is 
interested in this study to identify AChE and BChE inhibiting 
small molecules from herbal medicinal plants. Compounds 1-5 
from L. quinquelocularis were tested against AChE and BChE, which 
represent the most attractive target for drug design and discovery 




Figure 4. Important HMBC correlations in 5 (H^C). 

doi:1 0.1 371 /journal.pone.0094952.g004 



of mechanism-based inhibitors for the treatment of neurone 
degenerative disorders such as Alzheimer's disease [27]. The 
percentage of inhibition was first determined at 0.1 mM. The 
compounds which had enzyme inhibition greater than 50% were 
subsequently assayed for ICso (50% inhibitory effect) determina- 
tion. Among the isolated compounds, 3 and 5 showed most 
effective inhibition activity against AChE and BChE as compared 
to the standard drugs; aUanzanthane and galanthamine in a dose 
dependent manner. The ICjo values of compounds 3 and 5 
against AChE were determined to be 1.65 and 3.43 |J,M, while 
against BChE, were measured as 5.98 and 9.84 |a,M respectively. 
The compounds 2 and 4 showed weak inhibition profile against 
AChE and BChE (Table 3). 

Experimental 

General Experimental Procedure 

The melting point was determined by using Kofler hot-stage 
apparatus (Reichert, Vienna, Austria). Aluminium TLC plates 
(20x20, 0.5 mm thick) pre-coated with silica gel 60 F254 (0.2 mm 
layer thickness; E. Merck, Darmstadt, Germany) were used for 
TLC to check the purity of the compounds. Column chromatog- 
raphy (CC) was carried out using silica gel of 230^00 mesh (E. 
Merck, Darmstadt, Germany). Preparative TLC Glass plates 
(20x20, 2 mm thick) pre-coated with silica gel 60 F254 (0.5 mm 
layer thickness; E. Merck, Germany) were used for the purification 
of semi pure compounds. Ceric sulphate and potassium perman- 
ganate solutions were used as visualization reagents. The UV 
spectra {X^^^ nm) were recorded on Shimadzu UV-2700 
spectrophotometer (Shimadzu, Japan) in ethanol. Mass Spectra 
was recorded on Bruker TOE Mass spectrometers (BUlerica, USA) 
using electrospray ionisation (ESI). The 'H NMR and '"'C NMR 
spectra were recorded on a Bruker DPX-400 NMR spectrometer 
(Billerica, USA) (400 MHz for 'H and 100 MHz for ''^C-NMR), 
using CDCI3 as solvents. Further assignments were made by 
DEFT, COSY, HMQC and HMBC experiments. 

Plant Material 

The whole plant of Lonicera quinquelocularis was collected from 
Bara Galli, Hazara division. District Mansehra, in June 2009. It 
was identified by Professor Dr. Manzoor Ahmad, Plant Taxon- 
omist. Department of Botany, Government Degree College 
Abbotabad, Pakistan. As the field from where the plant has been 
collected was open, no authority was responsible to issue 
permission and the study did not involve endangered and 

Table 3. AChE and BChE inhibitory activities of compound 1 - 
5 from L quinquelocularis (IC50, \iM). 



S.NoCompounds 


AChE ± SEM" 


BChE ± SEM' 


1 1 


Nil 


Nil 


2 2 


8.74±0.07 


20.12±0.079 


3 3 


1.65±0.03 


5.98±0.079 


4 4 


5.27±0.04 


14.76±0.087 


5 5 


3.43±0.02 


9.84±0.037 


6 AUanzanthane b 


2.94±0.45 


12.96±0.053 


7 Galanthamine ^ 


1.79±0.061 


7.98±0.01 



^Standard error of mean of five assays. 

"^Positive control used in the assays. 

Note: Data shown are values from triplicate experiments. 

doi:l 0.1 371 /journal.pone.0094952.t003 
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protected species. Likewdse there was no restriction from land 
owner on usability of this specie and the permission was given 
from the land owner for the collection of this specie. After 

collection, the voucher specimen has been deposited in the 
herbarium of the Department of Botany, Government Degree 
College Abbottabad, Pakistan where a voucher specimen has been 
deposited in herbarium (Accession No. C-0013). 

Extraction and Isolation 

The shade dried whole plant of L. quinquelocularis (13 kg) was 
ground and extracted with ethanol at room temperature (3X25 L). 
The combined ethanohc extract was evaporated under reduced 
pressure to obtain a thick greenish gummy material (crude). It was 
suspended in water and was successively partitioned into various 
soluble fractions of re-hexane (151 g), chloroform (147 g), ethyl 
acetate (109 g), and n-butanol (53 g) with suitable solvents 
respectively. 

The ethyl acetate soluble fraction was subjected to column 
chromatography over silica gel (70—230 mesh) eluting with n- 
hexane (100%), «-hexane: EtOAc (1: 19-19:1), EtOAc (100%), 
EtOAc:MeOH (1: 19-19:1), MeOH (100%), in increasing order of 
polarity to obtain 1 3 fractions A-M. 

Fraction C (4 g) was again chromatographed over silica gel, 
eluting with n-hexane (100%), n-hexane: EtOAc (5% hexane/ 
EtOAC to 95% hexane/EtOAc) and EtOAc (100%) to obtain 
C1-C6 sub fractions. The sub fraction C2 was re-chromato- 
graphed over silica gel CC eluting with n-hexane (pure), n-hexane: 
EtOAc (5% «-hexane/EtOAc to 50% «-hexane/EtOAc). From 
the elution with 5% n-hexane/EtOAc colorless oil was obtained 
whi[:h has been identified as a compound 1. The eluate obtained 
from 10% n-hexane/EtOAc showed two spots on the TLC which 
were separated by preparative TLC using n-hexane: EtOAc (4: 1) 
as solvent system to separate compounds 2 and 3 respectively. 

The fraction D (4 g) was re-chromatographed over silica gel 
eluting with «-hexane (100%), n-hexane: EtOAc (5% EtOAc/n- 
hexane to 95% EtOAc /n-hexane) and EtOAc (100%) to obtain 
D1-D5 sub fractions. The sub fraction D3 was re-chromato- 
graphed over silica gel CC eluting with n-hexane (pure), n-hexane: 
EtOAc (5% EtOAc/n-hexane to 70% EtOAc/re-hexane) to give 4 
fractions (I-IV). Fraction III was further subjected to preparative 
TLC c-lutcd with n-hexane: CH2CI2 (2:3) for separation of 
compounds 4 and 5 respectively. 

i. Bis (7-acetoxy-2-ethyl-5-methjlhept)il) phthalate (3): Colourless oil; 
UV (MeOH) ^„ nm (log 8): 296 (4.26) and 232 (5.18); IR 
(dry film) v„ax cm"^ 1725 (Ester -C = 0), 1610 (aromatic 
C = C) and 1130-1200 (C-O); HREIMS-TOF m/z 
562.7642 [M+H]+ (calcd. for CsjHsoOh, 562.7642). 'H 
NMR (400 MHz, CDCI3) 5 (ppm), ''^C NMR (100 MHz, 
CDCI3) spectral data and HMBC correlations given in 
Table 1. 

ii. Meopentjl-4-ethoxj-3 ,5-bis [3-methyl-'2-butenyl] henzoate (4): Amor- 
phous powder; UV (EtOH) (log s): 210 (4.3), 260 (4.5) 
nm; IR (KBr) v ^ax: 2940, 1705, 1600, 1440, 1300, 1230, 
1010, 780 cm"'; HREIMS-TOF m/z [M]"" 372.3742 (calcd 
for C24H36O3, 372.2156). 'H-NMR (CDCI3, 400 MHz) 5 
(ppm), ''^C-NMR (CDCI3, 100 MHz) and HMBC correla- 
tions given in Table 2. 

iii. Meopentyl-4-hydroxy-3,5-bis [3-methyl-2-butenyl] benzoate (5): 
Amorphous white solid; UV (EtOH) ^ (log s): 217 (4.2), 
265 (4.5), 295 (4.3) nm; IR (KBr) v„,,„: 2940, 1705, 1600, 
1440, 1300, 1230, 1010, 780 cm"'; HREIMS-TOF m/z 
[M]-'- 344.6403 (calcd. for C22H32O3, 344.2549). 'H-NMR 



(CDCI3, 400 MHz) 8 (ppm), ''^C NMR (CDCI3, 100 MHz) 
and HMBC correlations given in Table 2; 

Cholinesterase inhibition assay and determination of 
IC50 values 

Acetylcholinesterase (EC 3.1.1.7), butyrylcholinesterase (horse- 
serum E.C 3.1.1.8), acetylthiocholine iodide, butyrylthiocholine 
chloride, galanthamine and DTNB (5, 5'-dithiobis [2-nitroben- 
zoic-acid]) were purchased from Sigma, Pakistan. All other 
chemicals were of analytical grade and were used as such without 
further purification. Acetylcholinesterase (AChE) and butyrylcho- 
linesterase (BChE) inhibiting activities were measured according to 
a modified spectrophotometric method used by EUman et al. [28] . 
Protocol and assay conditions were the same as described by 
Rocha et al. [29]. 

The Acetylthiocholine iodide and butyrylthiocholine chloride 
were used as substrates for investigation of acetylcholinesterase 
and butyrylchohnesterase assays, respectively. The 5,5'-Dithio- 
bis[2-nitrobenzoic-acid] (DTNB) was used for the measurement of 
cholinesterase activity. The 0.2 mM DTNB in 62 mM sodium 
phosphate buffer (pH 8.0, 880 |J,L), test compound solution 
(40 |J,L) and acetylcholinesterase or butyrylcholinesterase solution 
(40 |J,L) were mixed and incubated for 15 minutes (25°C). The 
reaction was then initiated by the addition of acetylthiocholine or 
butyrylthiocholine (40 |J,L), respectively. The hydrolysis of acet- 
ylthiocholine and butyrylthiocholine were monitored by the 
formation of yellow 5-thio-2-nitrobenzoate anion as a result of 
the reaction of DTNB with thiocholine, released by the enzymatic 
hydrolysis of acetylthiocholine and butyrylthiocholine, respective- 
ly, at a wavelength of 412 nm (15 min). AU the reactions were 
performed in triphcate using a BMS spectrophotometer (USA). 
The concentrations of test compounds that inhibited the hydrolysis 
of substrates (acetylthiocholine and butyrylthiocholine) up to 50% 
(ICso) were determined by monitoring the effect of increasing 
concentrations of these compounds in the assays on the inhibition 
values. The final concentration of DMSO in the reaction mixture 
was maintained at 6%. 

Conclusion 

The phytochemical studies of Lonicern qninqiielorulans; medicinal 
plant were carried out using latest cliromatograjjhic and spectro- 
scopic techniques. Three new and two known compounds were 
obtained from the ethyl acetate soluble fraction in which 
compound 3 and 5 showed pronounced cholinesterase inhibition 
activities with IC50 1.65 and 3.43 ^lM against AChE and 5.98 and 
9.84 ^M against BChE respectively in dose dependent manner 
using reference drugs. The compounds 2 and 4 showed weak 
inhibition profile while the compound 1 was found inactive for 
inhibition activity. The studies also showed the structure activity 
relationship between the new structural features and the corre- 
sponding enzymes activities. Lonicera quinquelocularis is one of the 
ingredient of the traditional medicine in some part of the world. 
Therefore, furthure investigation on this medicnal plant is 
recommended to exploit its hidden medicinal values. 

Supporting information 

File SI Figures S1-S5. Figure Sla. 'H NMR spectra of 
compound 1. Figure Sib. '"'C NMR spectra of compound 1. 
Figure Sic. COSEY correlation of compound 1. Figure Sid. Mass 
spectra of compound 1. Figure S2a. 'H NMR spectra of 
compound 2. Figure S2b. ''^C NMR spectra of compound 2. 
Figure S2c. COSEY correlation of compound 2. Figure S2d. Mass 



PLOS ONE I www.plosone.org 



5 



April 2014 | Volume 9 | Issue 4 | e94952 



Cholinesterase Inhibition Lonicera quinquelocularis 



spectrum of compound 2. Figure SSa.'H NMR spectra of 
compound 3. Figure S3b. '^C NMR spectra of compound 3. 
Figure S3c. COSEY correlation of compound 3. Figure S3d. 
HMBC correlation of compound 3. Figure S3e. Mass spectra of 
compound 3. Figure S4a. H NMR spectra of compound 4. 
Figure S4b. C NMR data of compound 4. Figure S4c. Mass spec 
data of compound 4. Figure S4d. HMBC spectra of compound 4. 
Figure S5a. NMR spectra of compound 5. Figure S5b. '^C 
NMR data of compound 5. Figure S5c. Mass spec data of 
compound 5. 
(DOCX) 



References 

1. Mabbcrlcy DJ (1997) The plant-book; a Portable Dictionary of the Vascular 
Plants, Cambridge University Press. 

2. Akhtcr R (1986) Agricultural Research Council Islamabad, Pakistan, Vol. 1, 
Illustration, map. Encyclopedias, Icones, Maps, Keys, (Geography, pp. 33 

3. Houghton PJ, Boxu Z, Xisheng Z (1993) A clinical evaluation of the Chinese 
herbal mixture "Aden-F for treating respiratory infections. Phytother. Res 7: 384— 
386. 

4. Puup];)onen-Piniia R, Nohynek L, Meier C, Kahkonen MP, Heinonen M, et al. 
(2001) Antimicrobial properties of phenolic compounds from berries. J Appl 
Microbiol 90: 494-507. 

5. Kahkonen MP, Hopia AI, Heinonen M (2001) Berry phenoHcs and their 
antioxidant activity. J Agric Food Chem 49: 4076^082. 

6. Ali I, Khan D, Ali F, Bibi H, Malik A (2013) Phytochcmical, Antioxidant and 
Antifungal Studies on the Constituents of Lonicera quinquelocularis. J Chem Soc 
Pak 35: 139-143 

7. Chang WC, Hsu T'L (1992) Inhibition of platelet activation and endothelial cell 
injury bv pohphenolic compounds isolated from Lonicera japonica Thunb. 
Prostaglandins, Leukotriencs and Essential Fatty Acids 45: 307-312. 

8. Liu YP, liu J, Jia XS, Mao Q, Madhu C, et al. ;1992 : Protective effects of 
fulvotomentosides on acetaminophen-induced hepatotoxicity. Acta Pharmaco- 
logica Sinica 13: 209-212 

9. Shi JZ, Chen XF, Wan L (1999) Hepato protective effect of several constituents 
of LonicerEifuIvotomentosa and L. macrgmthoide on CC14 and D-galactosamine 
induced liver injuries in mice and rats. China J China Materia Med 24: 363- 
365. 

10. (Jhang CW, Lin MT, Lee SS, Karin CS, Liu FL, et al. (1995) Differential 
inhibition of reverse transcriptase and cellular DNA polymerase-activities bv 
lignans isolated from (?^hinese herbs, Phyllanthus myrtifolius Moon, and tannins 
from Lonicera japonica Thunb and Castanopsis hystrix. Antiviral Res 27: 367—374 

11. Wang J, Zhao XZ, Qj Q, Tao L, Zhao Q, et al. (2009). Macranthoside B, a 
hederagenin saponin extracted from Lonicera macranthoides and its anti-tumor 
activities in vitro and in vivo, Food Chem Toxico. 47: I7I6-172I. 

12. Yip ECH, Chan ASL, Pang H, Tam YK, Wong YH (2006) Protocatechuic acid 
induces cell death in HepG2 hepatocellular carcinoma cells through a c-Jun N- 
tcrminal kinasc-dcpcndcnt mechanism. Cell Biol Toxicol 22: 293—296. 

13. Yoo HJ, Kang HJ, Song YS, Park EH, Lim CJ (2008) Anti-angiogenic, 
antinociceptive and anti-inllammatory activities of Lonicera japonica extract. J. 
Pharm Pharmacol 60: 779-786. 



Acknowledgments 

The author is thankful to Higher Education Commission, Pakistan for 
financial support under IRSIP Fellowship Program at University of 
Nottingham, UK. The author also acknowledges Prof". Dr. Simon 
Woodward, School of Chemistry, University of Nottingham for his 
guidance in the spectral analysis of the compounds. 

Author Contributions 

Conceived and designed the experiments: DK HUK SK SB AS FK FA 
NM. Performed the experiments: HUK DK SB AS. Analyzed the data: FA 
SK. Contributed reagents/ materials/ analysis tools: DK SB NM IK. Wrote 
the paper: DK SB AS ASK FK NM. 



14. Machida K, Asano J. Kikuchi M (1995) Caeruleosides A and B, bis-iridoid 
glucosides from Lonicera caerulea, Phytochem. 39: 111—114. 

15. Bailleul F, Leveau A, Durand M (1981) New iridoid from the fruits of Lonicera 
alpigena.j Nat Prod 44: 573-575. 

16. Souzu I, Mitsuhashi H (1969) Structures of iridoids from Lonicera morrowii A. 
Gray I. Tetrahedron Lett 10: 2725-2728. 

17. Souzu I, Mitsuhashi H (1970) Structures of iridoids from Lonicera morrowii A. 
Gray B, Tetrahedron Lett. 11: 191-192. 

18. AbduUah P (1972) In: Flora of Pakistan. Vol. I (Eds.): E. Nasir & S.I. Ali. pp. 694 

19. Kumar S, Sati OP, Semwal VD. Nautiyal M, Sati S, et al. (2000) Iridoid 
glycosides from Lonicera quinquelocularis. Phviochemistry. 53: 499—502. 

20. Calls I, Lahloub MF, Sticher C) (1984) Loganin, loganic acid and periclymeno- 
side, a new biosidic ester iridoid glucoside from Lonicera periclymenum. L. 
(Caprifoliaceae), Helv Chim Acta 67: 160—164 

21. Basaran A, Akdemir Z, Yuruker A, Calls I (1988) Iridoid and Secoiridoid 
Glucosides from Lonicera etmsca. Fitoterapia. 59: 389-392. 

22. Nair JJ, Ndhlala AR, ChukwujekwuJC, StadenJ, Van S (2012) Isolation of di(2- 
ethylhexyl) ];)hthalate from a commercial South African cognate herbal mixture. 
S AfriJ Bot 80: 21-24. 

23. Sullivan VS, Kim \J, Xu S, Jonas J, Korb JP (1999) (Jarbon-l 3 NMR study of 
the eflect of confinement on the molecular dvnamics of 2-elhylhrxylbcnzoate. 
LANC;MU1R 15: 4664-4670. 

24. Sultan MZ, Moon SS, Park K (2010) Natural Phthalatc Derivatives from the 
Bacterium Burkholderia cepacia K87. J Sci Res 2: 191—195. 

25. Pereda-Miranda R. Bernard CB, Durst T, Amason JT, Sanchez-Vindas P, et al. 
(1 997) Methyl 4-hydroxy-3-(3'-methyl-2'-butenyl)benzoate. major insecticidal 
principle from Piper guanacastcnsis. J Nat Prod 60: 282 281. 

26. Masuoka C, Ono M, Ito Y, Nohara T (1997) Antioxidative constituents from the 
aerial part of Piper elongatimi VAHL. Food Sci Technol Int Tokyo 30: 285— 
289. 

27. Zhang X (2004) Cholinergic activity and amyloid precursor protein processing in 
aging and Alzheimer's disease. Curr Drug Targets CNS Neurol Disord 3: 137- 
152. 

28. Ellman GL, Courtney KD, Andres VR, Featiierstone RM (1961) A new and 
rapid colorimetric determination of acetylcholinestrase activity. Biochem. 
Pharmacol 7: 88-95. 

29. RochaJB, Emanuelli T, Pereira ME (1993) Effects of early under nutrition on 
kinetic parameters of brain acetylcholinesterase from adult rats. Acta Neurobiol 

Exp 53: 431-437. 



PLOS ONE I www.plosone.org 



6 



April 2014 | Volume 9 | Issue 4 | e94952 



